Heterakis gallinarum impedes the productivity of village chickens and hence their socio-economic contribution to rural communties. Smallholder farmers are endowed with vast indigenous knowledge for controlling H. gallinarum and they predominantly use Aloe ferox, Agave sisalana and Gunnera perpensa. However, their anthelminthic efficacy is unknown. Therefore, our objective was to determine the in vitro anthelmintic efficacy of A. ferox, A. sisalana and G. perpensa against H. gallinarum. Heterakis gallinarum worms were recovered from caeca of 20 village chickens. Ten worms were randomly introduced in each of the 42 petri-dishes. Treatments were positive control (distilled water), negative control (mebendazole) and A. ferox, A. sisalana and G. perpensa aqueous extracts at dosage of 7.25, 14.5, 29 and 58 mg/mL. The procedure was done in triplicate. Worm motility and mortality indices were calculated. Among plant, A. sisalana (14.5 mg/mL) had the greatest (80%) worm motility inhibition at 12-h interval (p < 0.05) and the greatest worm mortality index (80%) showing that the plant has anthelmintic properties. Seventy percent of worms were recovered after 48 h following treatment with A. ferox (58 mg/mL). Agave sisalana (14.5 mg/mL) was the most efficient plant in reducing motility and causing mortality of H. gallinarum in vitro. Findings are useful to resource-constrained farmers who use crude extracts, to select the best plant and to pharmaceutical companies for manufacturing anthelmintic drugs.
Introduction
Village chickens contribute significantly to rural communities' population in Africa (Blackie, 2014) . According to Blackie (2014) , village chickens contribute towards animal protein mainly through eggs and meat, and household income. They are also a crucial species for redressing gender imbalance in mainstreaming of livestock production (Guèye, 2000) . In addition, village chickens are essential for socio-cultural purposes such as payment of lobola (pride price or bridewealth) which is a significant element of marriage in some Southern African cultures (Ansell, 2001) , appeasement, greeting visitors and gifts for strengthening social cohesion. In some cases when paying the pride price chickens are brought by the bridegroom and used as relish during the event. Village chickens are easy to manage and in most cases, in Africa, they are managed by women and children who are the majority in the rural areas (Mahlako, 1996; Sonaiya, 2005; Moreki, 2010) . The chickens can also be easily reared as a sideline enterprise together with other farming enterprises. It is therefore pertinent to improve village chicken productivity and to enhance their importance especially on household protein security and annul net income.
Despite their immense contribution to rural livelihoods, Phiri et al. (2007) asserted that village chickens are adversely affected by gastro-intestinal (GI) parasites. Heterakis gallinarum is among the prevalent GI parasites infesting village chickens (Abdelqader, Gauly, Wollny, & Abo-hehada, 2008) . This is because most rural places are located in marginal areas where environmental conditions are conducive for the perpetuation of H. gallinarum. Besides, the chickens are vulnerable to parasites due to their scavenging feeding habit. This exposes them to parasite infection and re-infection. Smallholder farmers are left with no choice except to battle with the challenge. This is, however, a huge challenge considering that the majority of smallholder farmers in the rural sector are resource-constrained. Furthermore, conventional medicines such as albendazole for controlling GI parasites are expensive and have their own demerits. These include drug resistance by the parasite, residual effects in animal products, lack of knowledge on the use of drugs and exorbitant prices (Kaplan, 2004; Coles et al., 2006) .
The drawbacks of conventional medicines create an opportunity for rural communities to divert to and predominantly use medicinal plants (Masimba, Mbiriri, Kashangura, & Mutibvu, 2011; Moreki, 2012) . This is apt as the smallholder farmers are endowed with invaluable indigenous knowledge for controlling GI parasites in livestock (Moreki, 2012) . As such, medicinal plants such as Aloe ferox, Agave sisalana and Gunnera perpensa are used by the rural communities in the Eastern Cape province of South Africa to control GI parasites in village chickens, especially H. gallinarum (Mwale & Masika, 2009 ). The communities believe that plants are effective and have no side effects. Therefore, the current study was conducted to determine the in vitro anthelminthic efficacy of these plants against H. gallinarum.
Materials and Methods

Study Site
The in vitro study was conducted at the Agricultural and Rural Development Research Institute (ARDRI) at the University of Fort Hare, Alice, South Africa. 
Collection of Plant Material
Preparation of Plant Extracts
The collected leaves were washed using cold water to remove dirt. Spines around the leaves of A. ferox and A. sisalana were removed using a knife. The leaves from the three medicinal plants were sliced before blending. Two hundred grams of each of the sliced A. ferox, A. sisalana and G. perpensa leaves were mixed with 100, 200 and 400 mL of distilled water, respectively. The mixture for each plant material was blended using an electric blender for 3 minutes to obtain 200, 100 and 50% (w/v) extract for A. ferox, A. sisalana and G. perpensa, respectively (Githiori, Höglund, Waller, & Baker, 2003) . The blended material was squeezed through a muslin cloth. The extract from the three plants, was freeze-dried at -50 °C under vacuum using a lyophilizer (model Savant RVT 4104, Thermo Fisher Scientific, Inc., Waltham, MA, USA) and kept in a freezer at -20 °C until use. The extracts were later reconstituted into 7.25, 14.5, 29 and 58 mg/mL.
Animals
A total of 20 mature village chickens of either sex, aged between 6 and 12 months, were acquired from farmers at Zixenene village in Amatola basin (32°42′89″S and 27°02′36″E; elevation 541 m). The average live weight of the chickens was 1.36±0.667 kg. The University of Fort Hare ethics committee and the ethical standards declared by Helsinki in 1964 (World Medical Organization, 1996 were followed.
In vitro Evaluations and Measurements
Gastro-intestinal worms were quickly recovered from the gut of sacrificed chickens. Only H. gallinarum worm species was recovered from the caeca. Distilled water was used as the negative control and mebendazole (Vermox® SD suspension 50 mg/mL, Janssen-Cilag Pharmaceutica Ltd, Sandton, Gauteng, South Africa) as the positive control. A mL of either distilled water, mebendazole or plant extracts of doses 7.25, 14.5, 29 and 58 mg/mL (an equivalent of 50, 100, 200 and 400 mg/kg doses, respectively) was added into petri-dishes using a 1 mL syringe.
Four milliliters of Ringer's lactate solution, for the nourishment of the worms, were added into these petri-dishes after which 10 worms were randomly introduced in each petri-dish. The procedure was conducted in triplicate. Inhibition of worm motility was observed for 6 seconds at hourly interval for 6 hours, then after every 12 hours for 36 hours. The number of immotile worms was recorded per treatment, during the observation period, and worm motility index was calculated using the formula described by Hounzangbe-Adote, Fouraste, Moutairou, and Hoste (2005) 
Data Analyses
Data were tested for normality using the UNIVARIATE procedure of SAS (SAS Institute Inc., Cary, NC, USA). The square root transformed data to confer normality was analysed using the general linear model (GLM) procedure of SAS to test the effect of medicinal plant materials on H. gallinarum worm motility and mortality.
Results
There was no inhibition of worm motility (p > 0.05) during the first hour of observation. In the second and third hour, there was inhibition of worm motility but it was not different between the treatments (p > 0.05). From the 4 th hour to the end of the observation period, significant differences in the inhibition of worm motility were observed; A. sisalana extract (14.5 mg/mL) had the greatest (80%) worm motility inhibition at 12-h interval (p < 0.05). There were significant differences in the efficacy of the anthelmintic effect of the tested medicinal plants and there was an interaction between treatments used and time of observation (p < 0.05). A significantly high number (70%) of worms were recovered after 48 h following treatment with A. ferox (58 mg/mL) while 20 and 0% worms were recovered from A. sisalana and mebendazole treatments, respectively. Aloe ferox scarcely inhibited worm motility and/or caused worm mortality. Gunnera perpensa generally had 50% recovery for all the dose levels and distilled water had 67%. As shown in Table 1 , among plants, A. sisalana extract (14.5 mg/mL) had the greatest worm mortality index. 
Note.
abcdef Values with different superscripts across rows and columns are different at p < 0.05.
Discussion
The findings indicate that in the first hour of the experiment the H. gallinarum worms were still capable of withstanding the effect of the commercial anthelmintic and the aqueous leaf extracts of medicinal plants. During the second and third hour, motility findings show that H. gallinarum worms succumbed to the anti-parasitic effects. Inhibition of worm motility is a crucial process for mortality of worms and hence anthelmintic property of a medicinal plant or anthelmintic drug, thereby relieving the animal from parasite infections (Hoque, Mostofa, Awal, Choudhury, Hossain, & Alam, 2006) . The ability of A. sisalana extract (14.5 mg/mL) to exert high worm inhibition motility at 12-h interval shows that the plant has some anthelmintic properties. The mortality index was close to that of mebendazole proving that although not statistically different, the plant has anthelmintic properties. This is in agreement with Hoque et al. (2006) who reported decrease in ascariasis parasites due to oral administration of pineapple leaf extracts to indigenous chickens. This entails that medicinal plants can effectively reduce worm burden in village chickens.
Active anthelmintic compounds reported to be present in medicinal plants include anthraquinones, alkaloids, aloe-emodine, cucurbitin, sulphuric compounds and naphtoquinone substances (Guarrera, 1999; Adedapo et al., 2008) . Characterisation of chemical components in the aqueous extract of A. sisalana is, therefore, important. This is crucial in ameliorating the increasingly growing challenge of parasite resistance and unavailability of www.ccsenet.org/jas Journal of Agricultural Science Vol. 7, No. 12; 2015 anthelmintic drugs to resource-limited farmers (Coles et al., 2006; Hussain, Khan, Iqbal, & Sajid, 2008 The current findings indicate that A. ferox has little anthelmintic activity as the plant had the greatest number of H. gallinarum worms recovered in the worm recovery procedure at the end of the experiment. This signifies that A. ferox scarcely inhibits worm motility and/or causes worm mortality. Steenkamp and Stewart (2007) , however, reported that A. ferox has been used as an anthelmintic. The anthelmintic activities of A. ferox could, therefore, be ascribed to the purgative and/or laxative effects of A. ferox (Blumenthal, 1998 , cited by Steenkamp and Stewart, 2007) . It is, therefore, imperative to characterize the anthelmintic compounds of A. ferox, to ascertain the in vivo anthelmintic efficacy of the plant and determine the mechanism of action of the plant's anthelmintic compounds.
Conclusion
Aloe ferox, Agave sisalana and Gunnera perpensa have anthelmintic properties. Agave sisalana at a dosage of 14.5 mg/mL dose was the most efficacious in reducing motility and causing mortality of H. gallinarum. This entails that medicinal plants can effectively reduce worm burden in village chickens thereby enhancing the productivity of chickens and ultimately improve rural livelihoods. Resource-constrained farmers may thus use these plants at recommended dose levels in controlling GI parasites in village chickens, especially A. sisalana (14.5 mg/mL dose). It is imperative to evaluate the efficacy of these plants in vivo, so as to be well informed on the anthelmintic properties of these plants. Moreover, it is worthy determining the medicinal plants compounds responsible for the anthelmintic properties and their mechanism of action.
